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The title xanthone known as pruniflorone M (systematic 
name: (2i?)-5,10-dihydroxy-2-hydroxymethyl-l,l-dimethyl- 
l//-furo[2,3-c]xanthen-6-one), crystaUized in a monohydrate 
form, Ci8Hi606-H20. It was isolated from the green fruits of 
Cratoxylum formosum ssp. pruniflorum. The structure of the 
title compound has been reported previously [Boonnak et al. 
(2010). Aust. J. Chem. 63, 1550-1556], but we report here the 
absolute configuration determined using Cu Ka radiation. 
There are two crystallograpically independent molecules in 
the asymmetric unit, which differ slightly in the bond angles. 
The hydroxymethyl substituents at position 2 of the furan 
rings of both pruniflorone M molecules adopt R configura- 
tions. In both molecules, the three rings of the xanthone 
skeleton are approximately coplanar, with an r.m.s. deviation 
of 0.0124 (2) A for one molecule and 0.0289 (2) A for the 
other, and the furan ring adopts an envelope conformation. In 
the crystal, molecules of pruniflorone M and water are linked 
into a two-dimensional network by O— H- ■ O hydrogen 
bonds and weak C— H- ■ O interactions. The crystal structure 
is further consolidated by jr-jr interactions with centroid- 
centroid distances in the range 3.5987 (13)-3.7498 (14) A. 
Short C- ■ -C [3.378 (3) A] and O- ■ -O [2.918 (3) A] contacts 
are also observed. 



Related literature 

For details of hydrogen-bond motifs, see: Bernstein et al. 
(1995) and for ring conformations, see: Cremer & Pople 
(1975). For bond-length data, see: Aflen et al. (1987). For 
background to xanthones and their biological activity, see: 
Boonnak, Karalai et al. (2007); Boonnak et al. (2009, 2010); 



Hay et al. (2008); Marques et al (2000); Molinar-Toribio et al. 

(2006) ; Phongpaichit et al. (1994); Yu et al. (2007). For related 
structures, see: Boonnak et al. (2006); Boonnak, Fun et al. 

(2007) . For the stability of the temperature controller used in 
the data collection, see Cosier & Glazer (1986). 




Experimental 

Crystal data 

CigHieOs-HjO 
M, = 346.32 
Orthorhombic, P2j2j2j 
a = 9.8887 (3) A 
b = 15.6028 (4) A 
c = 20.4857 (5) A 

Data collection 

Bmker APEX DUO CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r„i„ = 0.627, r„,„ = 0.913 

Refinement 

R[F^ > 2a(F^)] = 0.043 

wR{F^) = 0.120 

S = 1.02 

4981 reflections 

456 parameters 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 3160.77 (15) A" 
Z = 8 

Cu Ka radiation 
II = 0.95 mm"' 
T = 100 K 

0.54 X 0.17 X 0.10 mm 



13449 measured reflections 
4981 independent reflections 
4753 reflections with / > 2o-(/) 
R:„, = 0.021 



Ap„ax = 0.56 e A"' 

APmm = -0.23 e A"' 

Absolute structure: Flack (1983), 

2102 Friedel pairs 
Flack parameter: 0.06 (19) 



D-H-A 
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H-A 


D-A 


D-H-A 


03A-H30A- 


■02A 


0.98 


1.62 


2.530 (3) 


152 


04A-H40A- 


■OIWA 


0.92 


1.75 


2.672 (3) 


175 


06A-mOA- 


■04B' 


0.82 


2.12 


2.918 (3) 


165 


03B-H30B- ■ ■ 


02B 


1.06 


1.57 


2.529 (3) 


148 


04B-H40S-- 


OIWB 


1.02 


1.62 


2.639 (3) 


175 


06B-H60B- ■ ■ 


04A" 


0.82 


2.25 


3.059 (4) 


167 


OlWA-mWA 


■ ■ 03^'" 


0.83 


2.06 


2.889 (3) 


173 


OlWA-mWA 


■ ■ 065 


0.92 


1.84 


2.737 (5) 


165 


OlWB-mWB 


■ ■ OdA 


0.89 


1.86 


2.691 (3) 


153 


OlWB-mWB 


■ ■ OSB™ 


0.82 


2.06 


2.868 (3) 


164 


C16B-H16C- ■ 


■OIB" 


0.96 


2.46 


3.389 (3) 


163 


Symmetry codes: (i) 




-z + l; (i.) 




-z + 1; (ill) 



-x+l,y - 



-z + |; (iv) -A- -I- 1. y -1- ^, -z + ^; ('/) -x + 1, -y + 1. z + ^. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Redetermination and absolute configuration of pruniflorone M monohydrate 
H,-K. Fun, S, Chantrapromma, N, Boonnak, C, Karalai and K, Chantrapromma 

Comment 

Xanthones are secondary metabolites of several plants and exhibit considerable biological activities such as antibacterial, 
antioxidant, antiprotozoal, cytotoxic and nitric oxide inhibitory activities (Boonnak, Karalai et al. 2007; Boonnak et al. 
2009, 2010; Hay et al. 2008; Marques et al. 2000; Molinar-Toribio et al, 2006; Phongpaichit et al, 1994; Yu et al, 2007). 
During the course of our research on the chemical constituents and bioactive compounds from the green fruits oiCratoxylum 
formosum ssp. pruniflorum, which were collected from Pha Yao province in the northern part of Thailand, the title xanthone 
(I) known as pruniflorone M (Boonnak et al, 2010) was isolated. The previous report showed that (I) possess nitric oxide 
inhibitory activity (Boonnak et al, 2010). The absolute configuration of (I) was determined by making use of the anomalous 
scattering of Cu Ka X-radiation with the Flack parameter being refined to 0.06 (19). We report herein the crystal structure 
of (I). 

There are two crystallograpically independent molecules A and B in the asymmetric unit of (I), C18H16O6.H2O, (Fig. 
1) with the same conformation but with slight differences in bond angles. In the structure of (I), the three ring system 
[C1-C13/01] is essentially planar with r.m.s. deviations of 0.0124 (2) A for molecule A [0.0289 (2) A for molecule 5] from 
the plane through 14 non-hydrogen atoms of the three rings. The 03 and 04 hydroxy O atoms lie close to this plane with 
deviations +0.038 (2) for 03 and +0.004 (2) A for 04 for molecule A [the corresponding values are +0.043 (2) and -0.024 (2) 
A for molecule E]. The furan ring (C3-C4/C14-C15/05) is in an envelope conformation with the puckering atom C15 of 
0.148 (3) A, and puckering parameter Q = 0.239 (2) A and 9 = 132.0 (6)° (Cremer & Pople, 1975) for molecule A and the 
corresponding values are 0. 134 (3) A, 0.213 (3) A and 9 = 137.8 (7)° for molecule B. The orientation of the hydroxymethyl 
moiety at atom C15 can be indicated by the torsion angle of C14-C15-C16-06 = -73.3 (3)° for molecule A [165.0 (3)° 
for molecule B\ Intramolecular 03A— H30A - 02A and 03B— H30B..02B hydrogen bonds (Table 1) generate S(6) ring 
motifs (Bernstein et al, 1995). The bond distances in (I) are within normal ranges (Allen et al, 1987) and comparable to 
the related structures (Boonnak et al, 2006; Boonnak, Fun et al, 2007). The hydroxymethyl substituents at position 2 (on 
atoms C15A and C15B ) of the furan rings of both pruniflorone M molecules adopt R configurations. 

In the crystal packing of (I) (Fig. 2), the molecules of pruniflorone M and water are linked into a two dimensional 
network by O — H - 0 hydrogen bonds and weak C — H - 0 interactions (Table 1). interactions were also observed 

with centroid-centroid distances: CgyCgs'' = 3.7453 (13) A; CgyCg/' = 3.6847 (13) A; Cgj-Cg^^' = 3.7189 (12) 

A; Cg2-Cge^'' = 3.6940 (14) A; Cg3-Cg4^ = 3.5987 (13) A and Cg^-Cgs" = 3.7498 (14) A; Cgi, Cgj, Cg3, Cg4, Cgs 
and Cgf, are the centroids of C9A-C13A/01A, C1A-C4A/C11A-C12A, C5A-C9A/C13A, C9B-C13B/01B, C1B-C4B/ 

CI 1B-C12B and C5B-C9B/C13B rings, respectively. C -C''[3.378 (3) A; ] and 0 -0'[2.918 (3) A short contacts were also 
observed; [symmetry codes: (i) -1/2+x, 3/2-y, 1-z; (v) 3/2-x, 1-y, 1/2+z and (vi) 1/2-x, 1-y, 1/2-z]. 
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Experimental 



The green fruits of C. formosum ssp. pruniflorum (5.00 kg) were extracted with CH2CI2 (2x20 L, for a week) successively 
at room temperature and were further evaporated under reduced pressure to afford the crude CH2CI2 extracts (3 1 .42 g). The 
crude extract was further subjected to QCC (Quick Column Chromatography) on silica gel using hexane as a first eluent and 
then increasing the polarity with acetone to give 14 fractions (F1-F14). Fraction FIO was separated by QCC eluting with 
a gradient of acetone-hexane to give 17 subfractions (FIOA-FIOQ). Subfractions FION was further separated by CC and 
eluted with a gradient of EtOAc-hexane to give 8 subfractions (F10N1-F10N8). Subfraction F10N2 was further separated 
by CC and eluted with CHCI3 to give the title compound as yellow powder (28.0 mg). Yellow block-shaped single crystals 
of the title compound suitable for x-ray structure detemination were recrystallized from CHCI3 by the slow evaporation of 
the solvent at room temperature after several days, Mp. 508-510 K. 



All H atoms were placed in calculated positions with (O — H) = 0.82-1.06 A for OH, (C — H) = 0.93 for aromatic and 0.96 
A for CH3 atoms. The Ui^q values were constrained to be 1.5(7eq of the carrier atom for methyl H atoms and 1.2C/eq for the 
remaining H atoms. A rotating group model was used for the methyl groups. The highest residual electron density peak is 
located at 1.34 A from 06B and the deepest hole is located at 0.51 A from 06B. 2102 Friedel pairs were used to determine 
the absolute configuration. There is no pseudo-symmetry observed in the crystal structure. 



Refinement 



Figures 




Fig. 1 . The structure of (I), showing 50% probability displacement ellipsoids and the atom- 
numbering scheme. Hydrogen bonds are shown as dashed lines. 




Fig. 2. The crystal packing of (I) viewed along the c axis, showing two dimensional network. 
Hydrogen bonds are shown as dashed lines. 
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(2/?)-5,1 0-Dihydroxy-2-hydroxymethyl-1 ,1 -dimethyl-1 H- furo[2,3-c]xaiithen-6-one monohydrate 



Crystal data 

C18H16O6H2O 
Mr= 34632 
Orthorhombic , P2 1 2 1 2 1 
Hall symbol: P 2ac 2ab 
a = 9.8887 (3) A 
/)= 15.6028 (4) A 
c = 20.4857 (5) A 

K= 3160.77 (15) A^ 
Z=8 

F(000) = 1456 



Z)x= 1.456 Mgrn""* 

Melting point = 508-510 K 

Cu ATa radiation, X= 1.54178 A 

Cell parameters from 4981 reflections 

e = 5.3-63.5° 

H = 0.95 mm"^ 

T= lOOK 

Block, yellow 

0.54 X 0.17 X 0.10 mm 



Data collection 



Bruker APEX DUO CCD area-detector 
diflractometer 

Radiation source: sealed tube 

graphite 

cp and (0 scans 

Absorption correction: multi-scan 
{SADABS; Bruker, 2009) 

r^in = 0.627, rmax = 0.913 
13449 measured reflections 



4981 independent reflections 
4753 reflections with /> 2a(/) 



e„ax = 63.5°,( 

yt = -18^18 
/ = -23^23 



= 5.3° 



Refinement 
Refinement on F 
Least-squares matrix: full 
if[i^>2a(^^)] = 0.043 
w/?(i^) = 0.120 

5'= 1.02 

4981 reflections 

456 parameters 

0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred Irom neighbouring 

sites 

H-atom parameters constrained 

w = ll[<s^{Fa) + (0.075 1P)2 + 0.9688P] 

where P = (Po^ + 2FeV3 

(A/a)max = 0.001 

Apmax = 0.56 e A"^ 
Apmin = -0.23eA"^ 

Absolute structure: Flack (1983), 2102 Friedel pairs 
Flack parameter: 0.06 (19) 



Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier & 
Glazer, 1986) operating at 100.0 (1) K. 
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Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the hill covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, convention- 
al R-factors R are based on F, with F set to zero for negative F'^. The threshold expression of F^ > 2sigma(F^) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F^ are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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H2WB 0.2087 0.8328 



Atomic displacement parameters (A^) 
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0.0385 


C9A 
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0.117 (2) 


0.0625 (12) 


0.0666 (14) 
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0.0257 (13) 
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0.0965 (18) 


0.0644 (12) 


0.0627 (14) 


0.0328 (13) 


0.0390 (12) 


0.0206(11) 



Geometric parameters (A, °) 



OlA — C12A 


1.361 (3) 


02B — CI OB 


1.253 (3) 


OlA — C13A 


1.370 (3) 


03B — CIB 


1.356 (3) 


02 A — CI OA 


1.249 (3) 


03B — ^H30B 


1.0564 


03A — CIA 


1.354 (3) 


04B — C5B 


1.360 (3) 


03A — H30A 


0.9841 


04B — H40B 


1.0223 


04A — C5A 


1.355 (3) 


05B — C3B 


1.363 (3) 


04A — H40A 


0.9200 


05B — C15B 


1.494 (3) 


05A — C3A 


1.356 (3) 


06B — C16B 


1.371 (4) 


05A — C15A 


1.466 (3) 


06B — H60B 


0.8200 


06A — C16A 


1.431 (3) 


CIB — C2B 


1.381 (3) 


06A — H60A 


0.8200 


CIB — CUB 


1.419 (3) 


CIA — C2A 


1.372 (3) 


C2B — C3B 


1.380 (3) 


CIA — CllA 


1.425 (4) 


C2B — H2B 


0.9300 


C2A — C3A 


1.387 (3) 


C3B — C4B 


1.391 (3) 


C2A — H2A 


0.9300 


C4B — C12B 


1.380 (3) 


C3A — C4A 


1.389 (3) 


C4B — CUB 


1.510 (3) 


C4A — C12A 


1.377 (3) 


C5B — C6B 


1.382 (3) 


C4A — C14A 


1.519(3) 


C5B — C13B 


1.397 (3) 


C5A — C6A 


1.380 (3) 


C6B — C7B 


1.395 (4) 


C5A — C13A 


1.399 (3) 


C6B — H6B 


0.9300 


C6A — C7A 


1.394 (4) 


C7B — C8B 


1.353 (4) 
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1 D xl / D 
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C7A— C8A 


1.370 (4) 


C8B— C9B 


1.408 (3) 


C7A— H7A 


0.9300 


C8B— H8B 


0.9300 


C8A— C9A 


1.392 (3) 


C9B— C13B 


1.393 (3) 


C8A— H8A 


0.9300 


C9B— ClOB 


1.457 (3) 


C9A— C13A 


1.404(3) 


ClOB— CUB 


1.433 (3) 


C9A— ClOA 


1.462 (3) 


CUB— C12B 


1.409 (3) 


ClOA— CllA 


1.441 (3) 


C14B— C17B 


1.525 (3) 


CllA— C12A 


1.408 (3) 


C14B— C15B 


1.534 (4) 


C14A— C18A 


1.520 (3) 


CUB— C18B 


1.535 (4) 


C14A— C17A 


1.539 (4) 


C15B— C16B 


1.463 (4) 


C14A— C15A 


1.565 (3) 


C15B— H15B 


0.9800 


C15A— C16A 


1.506 (3) 


C16B— H16C 


0.9633 


C15A— H15A 


0.9800 


C16B— H16D 


0.9669 


C16A— H16A 


0.9700 


C17B— H17D 


0.9600 


C16A— H16B 


0.9700 


C17B— H17E 


0.9600 


C17A— H17A 


0.9600 


C17B— H17F 


0.9600 
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C18A — H18B 


0.9600 


OIWA — ^HIWA 


0.8300 


C18A — H18C 


0.9600 


OIWA — H2WA 


0.9169 


OIB — C13B 
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0.8939 


OIB — C12B 
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CI /D — C14d — CIjd — ClOD 


23.6 (3) 


/^lOD /"'I/ID /^ICD /^1/CD 
C 1 OD C 1 4d C 1 JD — C 1 OD 


-98.5 (3) 


C4B— C 1 4B— C 1 5B— 05B 


20.9 (3) 


C17B— C14B— C15B— 05B 


-97.2 (3) 


C 1 8B— C 1 4B— C 1 5B— 05B 


140.6 (2) 


05B— C 1 5B— C 1 6B— 06B 


-73.8 (3) 


C14B— C15B— C16B— 06B 


165.0 (3) 
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Hydrogen-bond geometry (A, °) 










£) H--^ 


D H 




D---A 


£) Y{—A 


03A— H30A-02A 


0.98 


1.62 


2.530 (3) 


152 


04A— H40A-01WA 


0.92 


1.75 


2.672 (3) 


175 


06A H60A—04R' 


0.82 


2.12 


2.918 (3) 


165 


03B— H30B-02B 


1.06 


1.57 


2.529 (3) 


148 


04B— H40B-01WB 


1.02 


1.62 


2.639 (3) 


175 


06B— H60B-04A" 


0.82 


2.25 


3.059 (4) 


167 


0 1 WA— H 1 WA- • -03 A'" 


0.83 


2.06 


2.889 (3) 


173 


OIWA— H2WA-06B 


0.92 


1.84 


2.737 (5) 


165 


OIWB— H1WB-06A 


0.89 


1.86 


2.691 (3) 


153 


OIWB— H2WB-03B''' 


0.82 


2.06 


2.868 (3) 


164 


C16B— H16C-02B'' 


0.96 


2.46 


3.389 (3) 


163 


Symmetry codes: (i) x-\l2, -y+3/2. 


-z+1; (ii).x+l/2,-;^l/2, 


-z+1; (iii) -x+\,y-\l2. 


-z+3/2;(iv)-;c+l,;^l/2, 


-z+1/2; (v) -;c+3/2, 



-3^-1,2+1/2. 
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